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Depletion of Dietary Arginine Inhibits Growth of 
Metastatic Tumor 



Timothy j. Yeatman, MD; Geoffrey L. 

• The effects of dietary arginine on the growth of a murine 
colon tumor metastatic to the liver were examined in a 
model of advanced neoplastic disease. Tumor growth was 
influenced by arginine both in vivo and in vitro. An 
arginine-supplemented diet stimulated tumor growth by 
55% compared with controls. Conversely, an arginine- 
depleted diet inhibited tumor growth by 78% compared 
with controls. In vitro culture of both murine and human 
colon tumor cells confirmed that arginine was necessary for 
ceil growth. Flow-cytometric analysis using propidium 
iodide and bromodeoxyuridine suggested that colon tumor 
cells cultured without arginine enter a quiescent S phase 
and depend on arginine for further growth and cell cycle 
progression. The potential roles for selective dietary argi- 
nine modulation in patients with cancer with advanced dis- 
ease are discussed. 

(Arch Surg. 1991;126:1376-1382) 

T he influence of arginine on tumor growth and host 
nutrition has been investigated for more than 
70 years. 1 Despite these efforts, the effect of dietary argi- 
nine on tumor growth has not been clearly elucidated. In 
some systems, arginine has been shown to stimulate tu- 
mor growth, 2 ' 5 while in other models, inhibition of tumor 
growth was noted. M This apparent paradox may be 
explained by the concept that in vivo 'tumor growth is in- 
fluenced by multiple, competing factors. 

It has been postulated that tumor growth is a dynamic pro- 
cess involving a "predator-prey" competition between im- 
munocompetent cells and neoplastic cells in which growth 
is the vector sum of cell destruction and cell proliferation. 9 In 
this model, tumor progression depends on the capacity of 
the immune system to recognize and destroy neoplastic 
cells -a capacity that may be related to the degree of tumor 
immunogenitity. Recent reports have suggested that 
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arginine-supplementation may suppress the growth of im- 
munogenic tumors because of host immunostimulatory ef- 
fects; however, these growth-inhibiting effects were not seen 
with tumors that were weakly immunogenic. Growth may 
occur in this system because weakly immunogenic tumor 
cells escape recognition and destruction by otherwise effec- 
tive tumor-directed immune responses. 5 - 1 ^ 12 

Using a weakly immunogenic colon cancer model, we 
determined the effects of arginine on tumor growth. Be- 
cause arginine is considered essential for in vitro cell cul- 
ture of both normal and neoplastic cells, we hypothesized 
that in vivo tumor propagation may depend on dietary 
arginine and that arginine depletion could inhibit tumor 
growth. Likewise, because immune defenses directed 
against weakly immunogenic tumor may not effectively 
compete with cell proliferation, arginine supplementation 
might enhance tumor growth. 

We chose a model of experimental liver metastasis that 
simulates a state of advanced neoplastic disease in which 
nutritional deficits may become clinically relevant. The 
effects of both dietary arginine supplementation and di- 
etary arginine depletion on the subsequent in vivo growth 
of liver metastases were examined. Similarly, the effects 
of arginine depletion and repletion on the propagation of 
these tumor cells in vitro were investigated. 

MATERIALS AND METHODS 
Animals 

Six- to eight-week-old BALB/c mice were obtained from the 
Jackson Laboratory (Bar Harbor, Me) and housed in the Depart- 
ment of Pathology, Tumor Biology Mouse Colony, University of 
Florida, Gainesville. Mice had free access to solid chow and wa- 
ter and five mice were housed per cage. The mice were age, 
weight, and sex matched for each experiment. 

Cell Lines and Routine Culture Conditions 

Oil line CT-26 was originally derived from a chemically 
induced primary, undifferentiated murine colorectal adenocar- 
cinoma and was syngeneic with the BALB/c murine strain. The 
cells are known to be weakly immunogenic (as measured with 
challenge and rechallenge experiments) but highly tumori- 
genic. 13 Cells were routinely cultured in vitro as a monolayer at 
37°C in a humidified incubator containing 7% carbon dioxide in 
air. Cells were grown in minimal essential medium (Grand 
Island Biologicals, Grand Island, NY) supplemented with 10% 
heat-inactivated fetal bovine serum (Grand Island Biologicals) at 
5 x 10 5 cells per 10 mL, Near confluence, after 4 days of growth, 
cell monolayers were detached from the Petri dish (No. 3100, 
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Costar, Cambridge, Mass) after a 3-minute incubation at room 
temperature with 0.7-mmoi/L ethylenediaminetetraacetic add in 
phosphate-buffered saline, which did not contain caldum or 
magnesium, supplemented with 0.6-mmol/L glucose and sub- 
cultured in fresh medium. Cell viability was determined with 
trypan blue dye exclusion using a hemocytometer. 

Human colon adenocarcinoma cells (HT-29) were obtained 
from the American Type Tissue Culture Collection (Rockville, 
Md) and cultured as a monolayer (applying standard conditions 
explained above) in RPMI medium (Grand Island Biologicals) 
with 10% fetal bovine serum. 

Experimental Metastasis Assay 

Experimental liver metastases were produced in vivo using in- 
trasplenic injection. Mice were anesthetized before intrasplenic 
injection with an intraperitoneal injection of 3 mg of ketamine hy- 
drochloride and 0.03 mg of acepromazine maieate in phosphate- 
buffered saline . A suspension of 1 .25 x 10 s to 2.5 x 10 5 tumor cells 
in 0.5 mL of phosphate-buffered saline was injected into the in- 
ferior splenic pole over approximately 1 minute using a 
controUed-rate infusion syringe pump (No. 355, Sage Inc, Cam- 
bridge, Mass) . A small hemodip was then applied to die inferior 
splenic pole to prevent hemorrhage and back-diffusion of tumor 
cells into the free peritoneal cavity. Surgical incisions were dosed 
with metal dips. Splenectomy was not performed. Mice under- 
went necropsy on day 14, and the extent of hepatic and other me- 
tastases was recorded. Mice received an intravenous injection of 
10% india ink before necropsy to aid in detection of hepatic me- 
tastases. Livers were exdsed and immediately weighed. 

Murine Diets 

Standard Chow.— To examine the effects of supplemental 
arginine, mice were fed with standard solid mouse chow (23.4% 
protein and 1.38% arginine) ad libitum and were randomly as- 
signed to one of two groups. Mice were permitted to drink wa- 
ter supplemented with 1% arginine hydrochloride or 1.7% 
(isonitrogenous) glycine ad libitum. Mice were administered 
supplemented water 7 days before tumor cell inoculation. Solid 
chow and water intake were monitored in each group. 

Amino Acid-Defined Diets. —To examine the effects of di- 
etary arginine depletion, mice were randomly assigned to be fed 
ad libitum one of two solid chow, amino add-defined diets: 
standard-content, arginine-repleted diet (1.2% arginine) or 
arginine-depleted diet (no arginine). The arginine-depleted diet 
provided only 0.32% less nitrogen than the arginine-repleted 
diet. Water without any additives was administered ad libitum. 
These specific diets were prepared by Teklad Research Diets 
(Madison, Wis), Specific dietary formulas are listed in Table 1. 
All mice were placed on the appropriate diet 7 days before tu- 
mor cell injections. Solid chow and water intake were monitored 
for each group. 

Culture Conditions Before DNA Analysis 

Select-amine kits (Grand Island Biologicals) were used to 
formulate arginine-depleted or arginine-repleted minimal es- 
sential medium and RPMI medium. In vitro tumor growth 
was analyzed with flow cytometry after culture of 5 x10 s 
CT-26 tumor cells in 10 mL of minimal essential medium or 
5 x 10 s HT-29 tumor cells in 10 mL of RPMI. CT-26 cells were 
cultured without or with (0.013% [0.59 mmol/L]) supple- 
mented arginine. HT-29 cells were cultured in multiple argin- 
ine concentrations ranging from none to 1.14 mmol/L. Cul- 
tures were harvested after 4 days. 

Flow Cytometry 

DNA Analysis With Propidium Iodide.— After culture in 
which specific media conditions were applied, cells were har- 
vested and counted using a hemocytometer. Cells were then 
fixed in 70% ethanol solution and treated with 10 p,g of propidium 
iodide (PI; Sigma Chemical Corp, St Louis, Mo), per milliliter of 
solution, 0.5% polysorbate 20, and 400 U ribonudease I (Sigma) 

Arch Surg— Vol 126, November 1991 



Table 1.— Composition of Amino Acids in | 


Arginine-Repleted, Defined Diet | 


Amino Acid 


Amount, g/bg 


Alanine 


3.5 


Arginine* 


12.1 


Asparagine 


6.0 


Aspartic acid 


3.5 


Cystine 


3.5 


Glutamic acid 


40.0 


Glycine 


23.3 


Histidine 


4.5 


Isoleucine 


8.2 


Leucine 


11.1 


Lysine 


18.0 


Methionine 


8.2 


Phenylalanine 


7.5 | 


Proline 


3.5 


Serine 


3.5 


Threonine 


8.2 


Tryptophan 


1.8 


Tyrosine 


5.0 


Valine 


8.2 



‘Omitted in composition of arginine-depleted diet. 



before flow cytometric analysis using an argon laser (FAC-STAR, 
Becton-Dickinson, Oxnard Calif) with an exdtation wavelength 
of 488 nm and a measured emission wavelength of 515±20 nm. 
Data were collected and analyzed using a computer program 
(Consort 30, Becton-Dickinson). DNA histograms were used to 
perform cell cycle analysis, The percentage of cells in each phase 
of the cell cyde (S, G2, and M) was determined in duplicate. 

DNA Analysis With PI and Bromodeoxy uridine. — After 
culture of HT-29 cells in nonarginine and 0.07-mmoI/L and 
0.57-mmol/L arginine-repleted RPMI medium, 10 mmol/L of 
5'-bromo-2'deoxyuridine (BrdUrd) was added to selected cul- 
tures for 1 hour at 37°C. Cells were then fixed with ethanol 
and denatured with 4N hydrochloride with 0.5% trinitrotolu- 
ene (Triton-X 100, Sigma Chemical Corp). According to stan- 
dardized procedures, 14 cells were then labeled with fluores- 
cein isothiocyanate-conjugated anti-BrdUrd antibody (Becton 
Dickinson) followed by PI. Simultaneous red and green fluo- 
rescence was then measured as indexes of PI and BrdUrd 
incorporation, respectively. 

Amino Acid Analysis 

Analysis of amino add in whole blood was performed by the 
Metabolic Assessment Laboratory of the University of Florida, 
Gainesville. 

Statistical Analysis 

Data regarding liver weights were expressed as means ±SDs 
and analyzed for population differences by the two-tailed inde- 
pendent f test or by analysis of variance. Liver metastases were 
expressed as median values with associated ranges and analyzed 
with the Mann- Whitney U test. 

RESULTS 

Effect of Arginine Supplementation on the In Vivo Growth 
of Colorectal Liver Metastases 

To determine the effect of the addition of arginine to the 
standard chow diet (which already contained 1.4% argi- 
nine), mice were randomly assigned to one of two groups 
before tumor cell inoculation. The first group was given wa- 
ter supplemented with 1% arginine hydrochloride ad libi- 
tum, whereas an isonitrogenous dose of 1.7% glycine was 
added to the water of the second group, which was allowed 
this water ad libitum. There was no significant difference be- 
tween groups in water or chow intake. Similarly, although 
small splenic tumors were occasionally observed, splenic 

Metastatic Tumor— Yeatman et al 1377 





weights between groups were not different. 

Because metastases were confluent in both groups, liv- 
ers were weighed as a measure of tumor burden with the 
finding that the mean liver weights for the group receiv- 
ing water with arginine (4.9 g) were 55% greater (PC.02) 
than the mean weights of the group receiving water with 
glycine (2.7 g) (Fig 1). 

Effect of Arginine Depletion on the In Vivo Growth of 
Colorectal Liver Metastases 



To confirm the growth-dependence of metastatic tu- 
mors on dietary arginine,, a second method of dietary 
arginine manipulation was used. Mice were randomly 
assigned to two groups and fed either an arginine- 
depleted (nonarginine), amino acid-defined diet or a 
standard-content arginine diet (1.2% arginine). In this 
experiment, tumor inoculum was reduced to 1.25 x10 s 
cells in 0.5 mL of phosphate-buffered saline to prevent 
confluence of metastatic foci. Again, no significant differ- 
ences were noted between the two groups in water or 
chow intake or splenic weights. No splenic tumors were 
observed in these animals. 

Arginine levels in whole blood were measured in ani- 
mals ( n = 4) randomly selected from both groups. Al- 
though there was a trend toward decreased arginine lev- 
els in animals fed nonarginine diets (0. 117±19 mmol/L) vs 
those fed arginine repleted diets (0.154±18 mmol/L), the 
difference was not significant (P = .10). 

When the median number of metastases were ascertained 
for each group, he arginine-depleted group was found to 
have 78% fewer (median, 46 metastases per animal) grossly 
visible metasta ic nodules than the arginine-repleted group 
(median, 206 metastases per animal; P< .05; Fig 2). The rel- 
ative differences between the arginine-repleted and 
arginine-dep eted groups can be seen in Fig 3. No significant 
differences were noted in liver weights between groups be- 
cause of the smaller tumor burdens. 



Effect of Arginine Depletion on Tumor Cell Growth 
In Vitro 

Noting the apparent dependence of in vivo tumor 
growth on dietary arginine, the effects of arginine deple- 
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Fig 2 .—Selective dietary depletion of arginine <n=8) vs arginine re- 
pletion (n = 10) diminishes the growth of liver metastases by 78% 
(asterisk indicates P <.05). Ranges of counts of tumor colonies in the 
liver are displayed in parentheses. 

tion and repletion were examined in vitro. CT-26 colon 
carcinoma cells (5x 10 s ) were cultured in duplicate in ei- 
ther depleted or repleted medium, with standard 
amounts of arginine (0.013%) being used in the latter, 
Nonaiginine conditions essentially halted all cell growth, 
as evidenced by the retrieval (4 days after incubation) of 
2.4 x 10 5 fewer cells than the number added. When the 
cells were cultured in the presence of arginine, there weie 
9 x 10 s additional cells (total, 1.4 x 10 6 ; Fig 4). Viability was 
greater than 98% in both the arginine repleted and the 
arginine-depleted groups. 

Flow cytometric analysis of DNA content/cell demon- 
strated that the difference between the groups might 
be secondary to effects on cell division. Growth-phase 
DNA analysis demonstrated that the percentage of 
cells in the S, G2, and M phases was significantly 
greater (P<.02) in the nonarginine-treated cells (32.5%) 
than in the arginine-treated cells (22.0%), suggesting 
that growth and progression through the cell cycle 
depend on arginine (Fig 5). 

Further study of this cell cycle aberration was per- 
formed using human colon adenocarcinoma cells (HT- 
29). Tumor cell growth was significantly— but 
reversibly— inhibited in a dose-dependent fashion by 
selective arginine depletion from culture medium (Ta- 
ble 2). Note that the effective dose range in vitro (0.07 
to 0.14 mmol/L) closely approximates the in vivo levels 
in whole blood (0.12 to 0.15 mmol/L). While HT-29 
cells in cultures containing 0.14 mmol/L arginine or 
higher concentrations were recovered in numbers ap- 
proximately four times that inoculated, only 44% of 
inoculated HT-29 cells were recovered from the nonar- 
ginine cultures. An intermediate number of cells (1.45 
times the number inoculated) were recovered in the 
0.07-mmol/L arginine cultures. Inhibition of tumor 
growth was unabated despite the addition of isonitrog- 
enous concentrations of glycine. Tumor cells initially 
cultured in nonarginine medium and later recultured in 
0.57-mmol/L arginine multiplied (2.12 times the num- 
Metastatic Tumor — Yeatman et a! 
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Fig 3.— Cross liver metastases that developed in the absence of (left) vs in the presence of (right) dietary arginine. 




Fig 4 .— Nonarginine cell culture medium results in less in vitro cell Fig 5.— Arginine depletion of cell culture medium in vitro, corn- 

growth than does culture medium containing 0.013% arginine pared with arginine repletion, increases the percentage of cells in 

(n=2, asterisk indicates P< .02). Data are means±S£s. S, C2, and M phases of the cell cycle from 22.0% to 32,5% (n=2, as- 

terisk indicates P<.Q2). 



| ber of cells inoculated were recovered), suggesting that COMMENT 

the effect of arginine depletion is reversible. Row- Using an advanced model of neoplastic disease, we 
cytometric DNA analysis confirmed a progressive in- found that dietary arginine depletion may reduce the 
crease in the number of S-phase cells with decreasing growth of liver metastases. We also found that, using a 
arginine concentrations (ranging from 24% for 0.57- weakly immunogenic tumor model, arginine supplemen- 

mmol/L arginine to 43% in the absence of arginine). tation may stimulate the growth of tumor in vivo. 

To determine the nature of this S-phase accumulation. Although the classic experiments of Rose et al is dem- 
cells were labeled with PI alone (controls) or with PI and onstrated that humans require only eight essential amino 

BrdUrd simultaneously (Fig 6). The abscissa represents adds for nitrogen balance {isoleucine, leudne, lysine, 

linear relative red fluorescence due to PI staining of cell methionine, phenlyalanine, threonine, tryptophan, and 

nuclei. The ordinate represents log scale relative to green valine). Eagle 17 found that human and animal normal and 

fluorescence secondary to BrdUrd uptake. While PI labels neoplastic cells required additional amino adds for prop- 

all DNA, BrdUrd competes with thymidine and labels agation in vitro. Arginine, cyst(e)ine, glutamine, histi- 

only newly synthesized DNA and can be detected with dine, and tyrosine were the additional amino adds iden- 

fluorescein-labeled anti-BrdUrd monoclonal antibody. 15 tified. A number of theories have been proposed to 

Diese studies demonstrate that not all cells accumulating explain why tumor can grow in vivo without the amino 

in S phase are actually synthesizing DNA but, rather, are adds considered essential for in vitro culture conditions, 

quiescent. While nearly all S-phase cells gTown in 0.57- One simplistic explanation is that the host may provide 

mmol/L arginine were labeled with BrdUrd (Fig 6, C), the arginine needed for tumor growth, 
fewer cells and almost none were labeled with BrdUrd Despite some knowledge of the nature of amino add 
when cultured in 0.07-mmol/L arginine (Fig 6, B) and growth requirements of tumor cells, both the role and 

nonarginine medium (Fig 6, A), respectively, mechanism of action of arginine in the tumor-host rela- 
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Table 2. — Dose-Dependent Effect of Arginine on 


Human Colon Cancer Growth In Vitro 








Arginine Concentration in 


Culture Medium, mmol/L* 




None 


0.07 


0.14 


0.29 


0.57 


1.14 


4.50t 


0.5 7t 




44 


145 


449 


398 


465 


392 


165 


212 


% Cl -phase cells 


47.9 


51.6 


None 


None 


59.5 


None 


None 


53.6 


% S-phase cells 


43.3 


33.9 


None 


None 


24.4 


None 


None 


35.6 


% G2-phase and M-phase cells 


8.9 


14.5 


None 


None 


16.1 


None 


None 


10,8 



tCells cultured in isonitrogenous glycine (control medium). . . . , , . . , , 

^Cells were initially cultured in nonarginine medium for 3 days, then recultured in 0.57-mmol/L arginine for 3 days before harvest. 
§Number of cells recovered divided by the number of cells inoculated and multiplied by 100. Viability was greater than 98% as measured 
by propidium iodide staining for all groups. 



BrdUrd 




BrdUrd 




BrdUrd 




1 


IK- 


1 




ir-^ 


1 




] 








Control 




Control 




Control 












0 1 2 3 4 5 


o "i " 2 ' 3 " 4 




) } 2 3 4 5 



0.07-mmol Arginine 



PI Staining (DNA Content) 



0.57-mmol Arginine 



Fie 6 - Propidium iodide (PI) and 5' -bromo-2' deoxyuridine (BrdUrd)-labeled HT-29 cells. With arginine depletion (A and B), few S-pha.se 
cells' (measured by PI uptake) synthesize DNA (measured by BrdUrd uptake), while most S-phase cells exposed to 0.57-mmolll arginine 
(C) uptake BrdUrd. 



tionship have not been elucidated. Although arginine 
appears to be an immunostimulant of cellular immunity 
in certain situations, it is not clear whether this effect ap- 
plies only to immunogenic tumors. Reynolds et al 5 sug- 
gested that the antitumor effect of arginine may be medi- 
ated by arginine's modulation of host-tumor immune 
interaction, but only in tumors expressing immunogenic, 
tumor-associated antigens. In their model using protein- 
depleted mice, arginine suppressed the subcutaneous 
growth of moderately immunogenic tumor by enhancing 
cytotoxic T-lymphocyte development and natural killer 
cell activity while stimulating the growth of a poorly im- 
munogenic clonal variant. Perhaps wealdy immunogenic 
tumor escapes recognition and destruction by immune 
defenses— even when these defenses are augmented by 
supplemental arginine. 
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To define the effects of arginine on tumor growth (an 
issue separate from its potential immunostimulatory 
effects) we used a poorly immunogenic murine colon tu- 
mor with metastases introduced experimentally to the 
liver . 13 We hypothesized that in vivo tumor propagation 
might depend on the presence and quantity of arginine 
when propagation occurred while immune defenses may 
have been relatively ineffective. We chose a metastatic 
model of liver metastasis instead of the existing, common, 
subcutaneous-inoculation models because of its close ap- 
proximation to human cancer progression. 

We used two different in vivo experimental ap- 
proaches, and the results of both experiments led us to the 
same conclusion: supplemented arginine enhances the 
growth of metastatic tumor cells, whereas its absence or 
deficiency inhibits growth. Differences in tumor growth 
Metastatic Tumor— Yeatman et a 1 
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cannot be explained by the nutritional effects of arginine 
on liver mass. It has been reported 10 that supplementing 
water with arginine does not result in excessive changes 
in carcass weight compared with the carcass weight of 
control animals receiving water supplemented with gly- 
cine, and we found no differences in liver weights 
between the animals receiving arginine-depleted or 
arginine-repleted amino add-defined diets. Differences 
in tumor growth appeared to be independent of nitrogen 
supplementation, as diets were isonitrogenous. Although 
these in vivo results could be interpreted as effects on tu- 
mor cell seeding effidency (via effects on end-organ ad- 
hesion) rather than on the growth of tumor cells, we think 
this is unlikely because the tumor's growth dependence 
on arginine was also confirmed with in vitro experiments. 
There was no growth without arginine, but normal 
growth was observed when arginine was present in the 
medium. These results confirm that the original observa- 
tions of Eagle 17 were also valid in our experimental model. 
This effect was similar for both murine (CT-26) and 
human (HT-29) colon tumor cell lines. 

The apparent contradiction of a high S phase associated 
with lower but reversible growth rates in vitro is likely 
secondary to cells that have arrested in S 0 (the quiescent 
S phase) 18 and require arginine for complete cell cycle 
progression. Data from our experiments in which labeling 
of cells with PI and BrdUrd occurred simultaneously add 
supportive evidence to this hypothesis by demonstrating 
that a significant proportion of cells accumulating in the 
5 phase secondary to arginine-depleted culture condi- 
tions are actually quiescent and do hot synthesize DNA. 
Further study, perhaps using thymidine-pulse or 
5-bromodeoxyuridine-pulse labeling, 14 is needed to de- 
termine the precise mechanism underlying these cell cycle 
aberrations. 

These experimental findings suggest that metastatic 
tumor growth can be inhibited with dietary depletion of 
arginine. This decrease in tumor growth may be related 
to the basic tumor requirement of arginine for growth that 
was demonstrated in vitro and to the low level of tumor 
iirununogenicity. Although this observation has yet to be 
made of cancer occurring in humans, potential clinical 
benefit might be obtained by using nonarginine hyperal- 
imentation or amino acid-defined diets that may slow the 
growth of metastatic tumor. This concept is particularly 
relevant to humans in that most solid tumors are weakly 
immunogenic. 

Additionally, because of the reversible nature of the in 
vitro accumulation of quiescent S-phase cells observed 
with arginine depletion, potential exists for the use of se- 
lective dietary arginine modulation (depletion followed 
by repletion) of cell cycle progression. For example, it 
might be possible to synchronize the growth of metastatic 
tumor cells in vivo and enhance the effectiveness of cell- 
cycle specific chemotherapy. Further studies examining 
the DNA from fresh tumor are needed to con fir m this. 
Ultimately, we propose that arginine should not be con- 
sidered "good" or "bad" for the tumor-bearing host, but, 
rather, viewed as a tool for modifying the biologic behav- 
ior characteristic of the tumor-host relationship. 
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and constructive criticisms of this article and Philip Frost, MD, 
Departments of Cell Biology and Medicine, University of Texas, 
MD Anderson Cancer Center, Houston, for supplying the adeno- 
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Discussion 

David M. Ota, MD, Houston, Tex: Have you looked at plasma 
arginine levels in your animals that were on the special diets? 
Please comment on a possible mechanism. Arginine seems to be 
an essential nutrient here. How do you think that impacts on the 
cell growth process within the tumor? Is it protein synthesis, or 
is it some other metabolic pathway for which arginine is essen- 
tial for cell growth? 

David S. Robinson, MD, Miami, Fla: Can you tell us how 
those cells that escaped into G2 and M, still depleted of argin- 
ine, were allowed to get through? Then, with regard to the host, 
tell us about the remaining cellular tissues that are non- 
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neoplastic. Is there significant damage to the host carrying that 
tumor in terms of repair? 

JOHN M. Daly, MD, Philadelphia, Pa: Our results and those 
of a number of others using immunogenic tumors show that tu- 
mor growth is inhibited when you supplement the diet with 
arginine. The clinical correlation is difficult because of the prob- 
lem with assessing tumor growth rates in humans versus 
animals. Our recent results suggest a difference in morbidity 
with arginine-supplemented diets in humans compared with 
nonarginine-supplemented diets. It may be that the morbidity 
would outweigh any possible effect on growth regulation of the 
tumor. If you do not see a change in plasma arginine levels with 
either arginine supplementation or not, presumably there is an- 
other mechanism for tumor growth, and that may be hormonal. 
One of the many things that arginine does is to stimulate insu- 
lin, glucagon, and prolactin, and it stimulates insulinlike growth 
factor, which for your tumor in the liver may be an important 
aspect. It would certainly be a fruitful area for you to examine. 
You have presented quite a nice study in this specific tumor 
model, and looking at that mechanism would be worthwhile. In 
your first experiment, were the mean animal weights any differ- 
ent? You showed some differences in tumor weights relative to 
the liver. Were the animal host weights different? 

DR GOULET, Indianapolis, Ind: In the cell culture media, why 
would you see a repression in growth where humanly mediated? 



I am suggesting that this is a humanly mediated phenomenon 
Why would you see it in the cell culture when it is free of extra- 
neous stimuli? 

Dr Yeaiman: I really cannot tell you much more about the 
mechanism other than it appears to cause a reversible block in 
S phase. I do not know whether it is affecting protein metabo- 
lism or some other pathway within the cell. In terms of amino 
add levels, we measured amino add levels in the serum, but we 
did not find a statistically significant difference. There was a 
small trend. The numbers were quite small, but perhaps if We 
had measured portal vein levels we might have seen a difference. 
The cells that progressed on through the cell cycle did so with 
arginine that was either in the fetal bovine serum in the media 
or produced by the cells themselves. In terms of what effects 
there are on the animal, I cannot tell you. We did not notice any 
effects on constitutional processes such as wound healing. The 
animals healed their laparotomy wounds in a normal period of 
time. 

It is known that arginase levels in the liver are higher than in 
most other organs. Perhaps subtle differences in arginine levels 
might be more dramatic when a tumor is in the environment of 
the liver than the subcutaneous tissues. We did not measure 
carcass weights, but in the second experiment, there was no dif- 
ference in the liver weights. 
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